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PDLQWDLQLQJORZSUHVVXUHVLQDQHWZRUNWKURXJKLQVWDOOLQJSUHVVXUHFRQWUROYDOYHV8WLOLW\EXGJHWVKRZHYHUPD\OLPLW
WKHGHVLJQRILQIUDVWUXFWXUHLPSURYHPHQWVDQGWKHYROXPHRIQRQUHYHQXHZDWHUWKDWFDQEHUHFRYHUHG7KLVUHVHDUFK
GHYHORSV DQ HYROXWLRQDU\ DOJRULWKPEDVHG DSSURDFK WR H[SORUH WUDGHRIIV DPRQJ PXQLFLSDO ZDWHU LQIUDVWUXFWXUH
PDQDJHPHQWJRDOVLQFOXGLQJPLQLPL]DWLRQRIZDWHUORVVHQHUJ\FRQVXPSWLRQDQGFRVWVRIFDSLWDOLPSURYHPHQWV$
JHQHWLF DOJRULWKP LV FRXSOHGZLWK DZDWHU GLVWULEXWLRQ V\VWHPPRGHO DQG LPSOHPHQWHGZLWKLQ D KLJKSHUIRUPDQFH
FRPSXWDWLRQSODWIRUP7KHPHWKRGRORJ\LVDSSOLHGWRH[SORUHLQIUDVWUXFWXUHGHVLJQVIRUDQLOOXVWUDWLYHFDVHVWXG\&
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7KLV UHVHDUFK H[SORUHV D JHQHWLF DOJRULWKPEDVHG DSSURDFK WRPLQLPL]HZDWHU ORVV E\ H[WHQGLQJ D VLPXODWLRQ
RSWLPL]DWLRQIUDPHZRUNWKDWZDVGHYHORSHGWRH[SORUHLQIUDVWUXFWXUHLPSURYHPHQWVIRUQHWZRUNH[SDQVLRQ>@7KH
RULJLQDOIUDPHZRUNLVEDVHGRQDJHQHWLFDOJRULWKPWKDWLVZULWWHQLQ-DYDDQGFDOOVIXQFWLRQVIURPWKH(3$1(7WRRONLW
>@WRVLPXODWHK\GUDXOLFVLQDQHWZRUN7KHIUDPHZRUNLVLPSOHPHQWHGRQDSDUDOOHOFOXVWHUDQGZDVPRGLILHGLQWKLV
UHVHDUFK 5HVHDUFK HIIRUWV LQFRUSRUDWHG DGGLWLRQDO IXQFWLRQV IURP WKH(3$1(7 WRRONLW IRUPDQLSXODWLQJSUHVVXUH
FRQWUROYDOYHVDQGFUHDWHGQHZIXQFWLRQVIRUFDOFXODWLQJK\GUDXOLFVEDVHGRQOHDNDJHDFURVVSLSHV
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2EMHFWLYHIXQFWLRQ
7KHGHVLJQSUREOHPLVIRUPXODWHGDVDQRSWLPL]DWLRQSUREOHPDVIROORZV
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ZKHUH&7RW LV WKH WRWDO FRVW WKDW VKRXOGEHPLQLPL]HG9DULDEOHVDE DQGJ DUHZHLJKWV WKDW DUH DSSOLHG WR WKUHH
SHUIRUPDQFHPHDVXUHVFRVWRIZDWHUORVV&:/FRVWRIFDSLWDOLPSURYHPHQWV&FDQGFRVWRIHQHUJ\IRUSXPSLQJ
ZDWHU&((DFKFRVWLVUHSUHVHQWHGDVDQDQQXDOFRVW¼7KHYDULDEOHYLRODWLRQVLVWKHQXPEHURIYLRODWLRQVWKDW
RFFXU LQ D RQHZHHN K\GUDXOLF VLPXODWLRQ RI RQH VROXWLRQ DQG YLRODWLRQV DUH WDOOLHG EDVHG RQ SUHVVXUH DQG WDQN
FRQVWUDLQWV9LRODWLRQVRFFXULIQRGDOSUHVVXUHIDOOVEHORZPDWQRGHVZKHUHGHPDQGVDUHH[HUWHGDQGLIQRGDO
SUHVVXUHIDOOVEHORZPDW]HURGHPDQGQRGHV7DQNFRQVWUDLQWVVSHFLI\WKDWDWWKHODVWWLPHVWHSRIWKHRQHZHHN
VLPXODWLRQ WKH OHYHORIZDWHU LQHDFK WDQNVKRXOGEHDWRUDERYH WKH LQLWLDO WDQN OHYHODW WKHILUVW WLPHVWHSRI WKH
VLPXODWLRQRWKHUZLVHDYLRODWLRQRFFXUV$YLRODWLRQLVDOVRWULJJHUHGLIDWDQNGUDLQVFRPSOHWHO\GXULQJDVLPXODWLRQ
,IWKHQXPEHURIYLRODWLRQVLQWKHV\VWHPLVJUHDWHUWKDQ]HUR9LVVHWWRDODUJHQXPEHU
7KHFRVWRIHQHUJ\ LVFDOFXODWHGEDVHGRQ WKHDPRXQWRIHQHUJ\XVHG WRRSHUDWHSXPSVDQG WKHKRXUO\ UDWHRI
HOHFWULFLW\SURYLGHGLQWKHSUREOHPGHVFULSWLRQ>@7KHDQQXDOFRVWLVFDOFXODWHGDVWKHSURGXFWRIWKHZHHNO\FRVW
DQGQXPEHURIZHHNVSHU \HDU 7KH FRVW RI FDSLWDO LPSURYHPHQWV LV FDOFXODWHGEDVHGRQ WKH UHSODFHPHQWRI
H[LVWLQJSLSHVDGGLWLRQRIQHZSLSHVSDUDOOHOWRH[LVWLQJSLSHVH[SDQVLRQRIHOHYDWHGWDQNVUHSODFHPHQWRIH[LVWLQJ
SXPSVDGGLWLRQRIQHZSXPSVDWH[LVWLQJSXPSVWDWLRQVDQGDGGLWLRQRISUHVVXUHUHGXFLQJYDOYHV359&RVWGDWD
IRUFDSLWDOLPSURYHPHQWVDUHSURYLGHGE\>@DVDQQXDOFRVW
)RUDQ\ VROXWLRQZDWHU ORVV LV FDOFXODWHGE\H[HFXWLQJK\GUDXOLF VLPXODWLRQRI WKHQHWZRUN WZLFH  ,Q WKH ILUVW
VLPXODWLRQQHZGHPDQGVDUHFDOFXODWHGIRUHYHU\KRXUO\WLPHVWHSDWHDFKQRGHWRUHSUHVHQWWKHHIIHFWVRIEDFNJURXQG
OHDNDJHXVLQJWKHDSSURDFKVSHFLILHGE\>@7KHVHFRQGVLPXODWLRQVHWVWKHQHZKRXUO\GHPDQGVDWHDFKQRGHWR
UHSUHVHQWZDWHUORVWWROHDNDJHDQGUHFDOFXODWHVWKHK\GUDXOLFVLQWKHQHWZRUN%DVHGRQSUHOLPLQDU\LQYHVWLJDWLRQV
WZRH[HFXWLRQVRIWKHK\GUDXOLFVLPXODWLRQDUHVXIILFLHQWWRDFFXUDWHO\UHSUHVHQWOHDNDJHDVGHPDQGVDWQRGHV7KH
YROXPHRIZDWHUORVVLVVLPXODWHGIRURQHZHHNDQGFRQYHUWHGWRDQDQQXDOFRVWEDVHGRQDXQLWFRVWRI¼P
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'HFLVLRQYDULDEOHV
$VHWRIGHVLJQGHFLVLRQVLVLQFOXGHGLQWKHPRGHOWKDWFDQEHVHOHFWHGWRPLQLPL]HWKHREMHFWLYH(TQ'HVLJQ
GHFLVLRQV LQFOXGH UHSODFHPHQW RI H[LVWLQJ SLSHV DGGLWLRQ RI QHZ SLSHV SDUDOOHO WR H[LVWLQJ SLSHV H[SDQVLRQ DQG
RSHUDWLRQRIHOHYDWHGWDQNVUHSODFHPHQWRIH[LVWLQJSXPSVDGGLWLRQRIQHZSXPSVDWH[LVWLQJSXPSVWDWLRQVFRQWURO
SRLQWVIRURSHUDWLQJSXPSVDQGWKHDGGLWLRQDQGSUHVVXUHVHWWLQJVIRUQHZ359V)LJ7KHVHWRIGHFLVLRQYDULDEOHV
WKDWDUHLQWKLVUHVHDUFKLVVXPPDUL]HGLQ7DEOHDQGGHVFULEHGDVIROORZV
$VHWRISLSHVFDQEHUHSODFHGRUSODFHGLQSDUDOOHO7KHSLSHVZHUHVHOHFWHGDVGHFLVLRQYDULDEOHVEDVHGRQ
SUHOLPLQDU\DQDO\VLVWKDWLGHQWLILHGSLSHVWKDWFRXOGEHH[SDQGHGWRLPSURYHV\VWHPK\GUDXOLFV>@)RUSLSHVWKDWDUH
SODFHGLQSDUDOOHOWKHGLDPHWHUFDQEHVHOHFWHGDVWKHVDPHVL]HRUODUJHUEDVHGRQWKHH[LVWLQJSLSH5HSODFHPHQW
SLSHVFDQEHGHVLJQHGDWDQ\GLDPHWHURIWKHFRPPHUFLDOO\DYDLODEOHVL]HV
6HYHQWDQNVFDQEHH[SDQGHGDQGGHVLJQGHFLVLRQVLQFOXGHWKHLQLWLDOOHYHORIZDWHULQWKHWDQNDWWKHEHJLQQLQJRI
WKHVLPXODWLRQDQGWKHGLDPHWHURIWKHWDQN7KHLQFUHDVHLQYROXPHDWHDFKWDQNLVVHOHFWHGIURPDOLVWRIVL[VL]HV
(OHYHQSXPSVDUHORFDWHGDWILYHSXPSVWDWLRQVLQWKHQHWZRUN'HVLJQGHFLVLRQVDOORZRQHQHZSXPSLQSDUDOOHO
WRHDFKH[LVWLQJSXPSDQGQHZSXPSVFDQEHRQHRIIRXUDYDLODEOHVL]HV,QDGGLWLRQHDFKH[LVWLQJSXPSFDQEH
XSJUDGHGZLWKDQHZSXPSWKDWVKRXOGEHVHOHFWHGIURPWKHVDPHOLVWRIIRXUDYDLODEOHVL]HV 1HZSXPSVKDYHD
KLJKHUHIILFLHQF\WKDQH[LVWLQJSXPSV3XPSFRQWUROVDUHDOVRGHVLJQGHFLVLRQV)RUHDFKSXPSDFRQWUROYDULDEOH
LGHQWLILHVWKHOHYHORIZDWHULQDFRUUHVSRQGLQJWDQNDWZKLFKWKHSXPSVKRXOGEHWXUQHGRQ(DFKSXPSWXUQVRII
ZKHQWKHWDQNLVIXOO
$VHWRIVWDWLF359VDUHFUHDWHGDVGHVLJQGHFLVLRQVWKDWEHSODFHGLQWKHQHWZRUN7KHORFDWLRQIRUHDFKYDOYH
ZDVGHWHUPLQHGEDVHGRQHQJLQHHULQJMXGJPHQWDQGK\GUDXOLFDQDO\VLV7KHQHWZRUNZDVVHJPHQWHGLQWRVXEQHWZRUNV
WRGHWHUPLQHDUHDVRIXQLIRUPSUHVVXUH /RFDWLRQVIRUSODFLQJYDOYHVZHUHLGHQWLILHGDWSLSHVWKDWSURYLGHIORZWR
WKHVHVXEQHWZRUNV)RUVRPHVXEQHWZRUNVUHGXQGDQWSLSHVFDQEHFORVHGZLWKQRFRVWLIDYDOYHLVDVVLJQHGWRWKDW
VXEQHWZRUN'HVLJQGHFLVLRQVGHWHUPLQHLIYDOYHVVKRXOGEHSODFHGDWHDFKSRWHQWLDOORFDWLRQDQGWKHSUHVVXUHVHWWLQJ
IRUHDFKYDOYH7KHVH359VDUHVWDWLFLQGLFDWLQJWKDWWKHSUHVVXUHVHWWLQJVGRQRWFKDQJHGXULQJWKHVLPXODWLRQ


)LJ&WRZQQHWZRUNDQGORFDWLRQRIFRPSRQHQWVWKDWDUHLQFOXGHGDVGHFLVLRQYDULDEOHVLQWKHRSWLPL]DWLRQPRGHO
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$WRWDORIWKUHHG\QDPLF359VFDQEHSODFHGLQWKHQHWZRUN7KHSUHVVXUHVHWWLQJIRUG\QDPLF359VFDQYDU\ZLWK
WLPHDQGGHVLJQGHFLVLRQVPXVWLGHQWLI\SUHVVXUHVHWWLQJVIRUHYHU\KRXUSHULRGRIRQHZHHN$VDUHVXOWGHFLVLRQ
YDULDEOHV DUH QHHGHG WR VSHFLI\ SUHVVXUH VHWWLQJV IRU HDFK G\QDPLF3592QH VHW RI WZR G\QDPLFV 359V FDQ EH
LQVWDOOHGLQWKHQRUWKHUQVHFWLRQRIWKHQHWZRUNRQDPDLQSLSH2QHG\QDPLF359FDQEHLQVWDOOHGGLUHFWO\LQWKH
PDLQSLSH DQGD VHFRQGG\QDPLF359FDQEH LQVWDOOHG LQDQHZSDUDOOHOSLSH WR WKHPDLQSLSH 7KLVDOORZVEL
GLUHFWLRQDOIORZRIZDWHULQWKHPDLQSLSH'\QDPLFSUHVVXUHVHWWLQJVVKRXOGEHLGHQWLILHGIRUERWK359V$QRWKHU
GHFLVLRQVKRXOGEHPDGHWRSODFHRQHG\QDPLF359WKDWFDQEHLQVWDOOHGLQWKHVRXWKHUQDUHDRIWKHQHWZRUNRQDPDLQ
SLSH:DWHUIORZVLQRQO\RQHGLUHFWLRQLQWKHSLSHDQGDVHFRQG359LVQRWQHHGHGDWWKLVORFDWLRQ
'DWDIRUSLSHVL]HVWDQNYROXPHVDQGSXPSFXUYHVDUHSURYLGHGE\>@
7DEOH'HFLVLRQYDULDEOHVIRUQHWZRUNGHVLJQSUREOHP
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*HQHWLFDOJRULWKP
$JHQHWLFDOJRULWKPDSSURDFK LV LPSOHPHQWHG WR VROYH WKHZDWHU QHWZRUNGHVLJQSUREOHP(TQ *HQHWLF
DOJRULWKPXVHVDSRSXODWLRQRIVROXWLRQVDQGDSSOLHVKHXULVWLFUXOHVDWHDFKJHQHUDWLRQRULWHUDWLRQWRFRQYHUJHWRD
QHDURSWLPDOVROXWLRQ$VROXWLRQLVUHSUHVHQWHGDVDQDUUD\RIGHFLVLRQYDULDEOHVWKDWPD\EHVSHFLILHGDVELQDU\UHDO
RULQWHJHUYDOXHV$WHDFKJHQHUDWLRQVHOHFWLRQLVDSSOLHGWRVHOHFWKLJKSHUIRUPLQJVROXWLRQVIRUFURVVRYHUZKLFKLV
DSSOLHGWRFRPELQHGHFLVLRQYDOXHVDFURVVPXOWLSOHVROXWLRQVWKDWSHUIRUPZHOO0XWDWLRQLVDSSOLHGWRPDNHUDQGRP
FKDQJHVWRH[LVWLQJVROXWLRQV
)RUWKHZDWHUQHWZRUNGHVLJQSUREOHPDGHVLJQVROXWLRQLVUHSUHVHQWHGDVDVHWRIGHFLVLRQYDULDEOHVDVVKRZQLQ
7DEOH7KHJHQHWLFDOJRULWKPLVLPSOHPHQWHGLQ-DYDDQGLVFRXSOHGZLWKWKH(3$1(7WRRONLW)LJWRVROYHWKH
ZDWHUGLVWULEXWLRQGHVLJQSUREOHP7KHILWQHVVRIDVROXWLRQLVFDOFXODWHGXVLQJ(3$1(7IXQFWLRQVDQGDVVLJQHGEDVHG
RQ(TQV


'LDPHWHURISDUDOOHOSLSHVPXVWEHWKHVDPHVL]HRUODUJHUWKDQWKHFRUUHVSRQGLQJH[LVWLQJSLSH
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3DUDOOHOLPSOHPHQWDWLRQ
,QJHQLD LVDSDUDOOHO/LQX[FOXVWHUDW1&68DQGVHUYHVDV WKHSODWIRUPIRU UXQQLQJ WKHRSWLPL]DWLRQVLPXODWLRQ
IUDPHZRUN,QJHQLDLVDQRGHFOXVWHUDQGHDFKQRGHKDVIRXUHLJKWFRUH2SWHURQSURFHVVRUVIRUDWRWDORIFRUHV
+DUGZDUHVSHFLILFDWLRQVIRUHDFKQRGHDUHDVIROORZV
 )RXU$0'0DJQ\&RXUV2SWHURQ06*+](LJKW&RUH&38
 *%WRWDOPHPRU\#0K]
 7%+'0DVWHUQRGH
 *%+'6ODYHQRGHV
 7ZR*LJDELW(WKHUQHW3RUWV
7KH QRGHV DUH LQWHUFRQQHFWHG YLD D1HWJHDU 3RUW *ESV*ESV6WDFNLQJ 6PDUW 6ZLWFK
,QJHQLDUXQV3*,FRPSLOHUV-DYDDQG03,
$ 0HVVDJH 3DVVLQJ ,QWHUIDFH 03, ZUDSSHU ZDV GHVLJQHG WR LQWHUIDFH ZLWK (3$1(7 FDOOV DQG GLVWULEXWH
VLPXODWLRQV WR SURFHVVRUV 7KH RSWLPL]DWLRQ PHWKRGRORJ\ VHQGV XQHYDOXDWHG VROXWLRQV WR WKH SDUDOOHO (3$1(7
ZUDSSHUDWHDFKJHQHUDWLRQZKLFKLQWHUSUHWVGHFLVLRQVDQGGLVWULEXWHVHDFKVROXWLRQWRDSURFHVVRUZKLFKH[HFXWHV
FDOOVIURPWKH(3$1(7WRRONLWWRHYDOXDWHVROXWLRQSHUIRUPDQFH$VDUHVXOWXSWRVROXWLRQVFDQEHVLPXODWHG
DQGHYDOXDWHGVLPXOWDQHRXVO\03,FDOOVDUH LPSOHPHQWHG WREDODQFH WKHZRUNORDGDFURVVSURFHVVRUV 7KHPDVWHU
VHQGVHDFKVODYHSURFHVVRURQHMRERUVROXWLRQHYDOXDWLRQ$VHDFKRIWKHVODYHSURFHVVRUVILQLVKHVDMRELWUHSRUWV
EDFNWRWKHPDVWHUQRGHWRUHFHLYHDQHZMREXQWLODOORIWKHVROXWLRQVLQWKHLQSXWILOHDUHHYDOXDWHG


)LJ&RPSXWDWLRQDOIUDPHZRUNFRXSOHGJHQHWLFDOJRULWKPDQG(3$1(7WRRONLWIXQFWLRQVZLWKLQDSDUDOOHOFRPSXWLQJSODWIRUP
6XPPDU\RIGHVLJQUHVXOWVIRUWKHWHVWHGQHWZRUN
)RXUH[SHULPHQWVZHUHFRQGXFWHGWRH[SORUHWUDGHRIIVDPRQJHQHUJ\ZDWHUORVVDQGFDSLWDOLPSURYHPHQWFRVWV
IRUDOWHUQDWLYHVHWVRIGHFLVLRQYDULDEOHV)RUHDFKH[SHULPHQWJHQHWLFDOJRULWKPVHWWLQJVDUHDVIROORZVSRSXODWLRQ
VL]HRIJHQHUDWLRQVFURVVRYHUUDWHRIDQGPXWDWLRQUDWHRI7KHRSWLPL]DWLRQSUREOHPLVVROYHGIRU
HDFKH[SHULPHQWZLWKZHLJKWVDEDQGJHTXDOWR(TQVRWKDWWKHJHQHWLFDOJRULWKPVHDUFKHVIRUVROXWLRQV
ZLWKWKHOHDVWWRWDOFRVW7KHGHVFULSWLRQRIHDFKH[SHULPHQWDQGWKHEHVWVROXWLRQWKDWZDVLGHQWLILHGDUHVKRZQLQ
7DEOH
([SHULPHQW1RPLWLJDWLRQ
7KHV\VWHPLVVLPXODWHGZLWKRXWDQ\RSWLPL]DWLRQRUPLWLJDWLRQWRGHWHUPLQHDEDVHOLQHFDVH7KHH[LVWLQJV\VWHP
KDVPXOWLSOHYLRODWLRQVEDVHGRQERWKSUHVVXUHDQGWDQNFRQVWUDLQWV&DSLWDOFRVWVDUH]HUREHFDXVHQRLPSURYHPHQWV
DUHGHVLJQHG%RWKRSHUDWLQJDQGZDWHUORVVFRVWVDUHKLJK
:DWHUORVV(QHUJ\
FRVW	YLRODWLRQV
:DWHUORVV(QHUJ\
FRVW	YLRODWLRQV
*HQHWLFDOJRULWKP
FUHDWHSRSXODWLRQ
RIVROXWLRQVXVLQJ
JHQHWLFRSHUDWRUV
IRUHYDOXDWLRQ
-DYD
3RSXODWLRQRI
VROXWLRQV
3DUDOOHO(3$1(7
ZUDSSHU'LVWULEXWH
VROXWLRQVWRVODYH
QRGHV
&
(3$1(7
1RGH
(3$1(7
1RGH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1RGH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7DEOH'HFLVLRQYDULDEOHVLQFOXGHGLQHDFKH[SHULPHQWDQGREMHFWLYHYDOXHVIRUWKHEHVWVROXWLRQIRXQGLQHDFKH[SHULPHQW
 ([SHULPHQW ([SHULPHQW ([SHULPHQW ([SHULPHQW
'HFLVLRQYDULDEOHV 1RQH 3ODFHSDUDOOHOSLSHV
([SDQGWDQNV
([SDQGSXPSV
3ODFHSDUDOOHOSLSHV
([SDQGWDQNV
([SDQGSXPSV
3ODFH359V
5HSODFHSLSHV
([SDQGWDQNV
([SDQGSXPSV
3ODFH359V
9LRODWLRQV <HV 1R 1R 1R
&RVWRIZDWHUORVV¼    
&DSLWDOFRVW¼    
2SHUDWLQJFRVW¼    
7RWDOFRVW¼    
([SHULPHQW3LSHSXPSDQGWDQNXSJUDGH
([SHULPHQWLVH[HFXWHGWRLQFOXGHSDUDOOHOSLSHVH[SDQGWDQNVDQGLQFOXGHSDUDOOHOSXPSV7KHJHQHWLFDOJRULWKP
ZDVH[HFXWHGIRUIRXUUDQGRPWULDOV7KHEHVWVROXWLRQLGHQWLILHVSLSHVWKDWDUHSODFHGLQSDUDOOHODQGXSJUDGHV7DQN
77KHZDWHUORVVLVUHGXFHGE\FDSLWDOLPSURYHPHQWVDQGWKHWRWDOFRVWLVORZHUWKDQWKHFRVWRIWKHQRPLWLJDWLRQ
VFHQDULR([SHULPHQW


)LJ7UDGHRIIVEHWZHHQFRVWRIZDWHUORVVDQGFRVWRIRSHUDWLRQDQGFDSLWDOLPSURYHPHQWVIRU([SHULPHQWV
([SHULPHQW6WDWLFDQGG\QDPLF359V
([SHULPHQWLQFOXGHVSDUDOOHOSLSHVH[SDQGWDQNVLQFOXGHSDUDOOHOSXPSVDQGSODFHVWDWLFDQGG\QDPLF359VDV
GHVLJQGHFLVLRQV7KHJHQHWLFDOJRULWKPZDVH[HFXWHGIRUDVHWRIUDQGRPWULDOV7KHVROXWLRQVIRU([SHULPHQW
VKRZDUDQJHRISHUIRUPDQFHIRUWKHZDWHUORVVFRVWDQGWKHVXPRIFDSLWDODQGHQHUJ\FRVWV)LJ)RUWKHEHVW
VROXWLRQ7DEOHSLSHVDUHSODFHGLQSDUDOOHOWRH[LVWLQJSLSHV7DQN7LVXSJUDGHGDQGYDOYHVDUHSODFHGLQ
¼
¼
¼
¼
¼ ¼ ¼
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WKHQHWZRUN7KHFRVWRIFDSLWDOLPSURYHPHQWVLVKLJKHUWKDQWKHEHVWVROXWLRQIRU([SHULPHQWEXWWKHFRVWRIZDWHU
ORVVLVUHGXFHGE\PRUHWKDQ¼0DQGWKHWRWDOFRVWLVUHGXFHGE\2IWKHVROXWLRQVLGHQWLILHGLQ([SHULPHQW
IRXUVROXWLRQVXVHWKHVRXWKHUQG\QDPLFYDOYH7KHUHPDLQLQJVROXWLRQVGRQRWXVHDQ\G\QDPLFYDOYHVEXWXVH
VWDWLFYDOYHV$OOVROXWLRQVXSJUDGH7DQN7DQGVL[RIWKHVHVROXWLRQVXSJUDGHRQHDGGLWLRQDOWDQN
([SHULPHQW3LSHUHSODFHPHQW
([SHULPHQW LVH[HFXWHG WRUHSODFHSLSHVH[SDQG WDQNV LQFOXGHSDUDOOHOSXPSVDQGSODFHVWDWLFDQGG\QDPLF
359V3LSHVFDQQRWEHSODFHGLQSDUDOOHOEXWFDQRQO\EHVHOHFWHGWRUHSODFHH[LVWLQJSLSHV7KHJHQHWLFDOJRULWKP
ZDVH[HFXWHGIRUDVHWRIUDQGRPWULDOV7KHVROXWLRQVIRU([SHULPHQWVKRZDUDQJHRISHUIRUPDQFHIRUWKHZDWHU
ORVVFRVWDQGWKHVXPRIFDSLWDODQGHQHUJ\FRVWVDQGIHZVROXWLRQVIRXQGLQ([SHULPHQWDUHLQIHULRUWRVROXWLRQV
IRXQG LQ ([SHULPHQW   7KH EHVW VROXWLRQ IRXQG LQ ([SHULPHQW  VDYHV DSSUR[LPDWHO\ ¼ LQ ZDWHU ORVV
FRPSDUHGWRWKHEHVWVROXWLRQLGHQWLILHGLQ([SHULPHQWDQGWKHWRWDOFRVWLVUHGXFHGE\DSSUR[LPDWHO\¼2I
WKH  VROXWLRQV LGHQWLILHG LQ ([SHULPHQW  HLJKW VROXWLRQV XVH WKH VRXWKHUQ G\QDPLF YDOYH  7KH UHPDLQLQJ 
VROXWLRQVGRQRWXVHDQ\G\QDPLFYDOYHVEXWXVHVWDWLFYDOYHV$OOVROXWLRQVLQFOXGHWKHGHFLVLRQWRXSJUDGH
7DQN71LQHRIWKHVROXWLRQVLQFOXGHDGHFLVLRQWRXSJUDGHDQDGGLWLRQDOWDQNDQGWKHWDQNVWKDWDUHLQFOXGHGDUH
7DQN7WKUHHVROXWLRQV7DQN7WZRVROXWLRQVDQG7DQN7ILYHVROXWLRQV
'LVFXVVLRQRIUHVXOWV
6ROXWLRQUHFRPPHQGHGIRUGHVLJQ
7KHEHVWVROXWLRQJHQHUDWHGLQ([SHULPHQWLVVXEPLWWHGDVDGHVLJQIRUWKH&WRZQZDWHUQHWZRUN7KLVVROXWLRQ
KDV WKH ORZHVW YDOXH IRU WKH REMHFWLYH IXQFWLRQ (TQ  REWDLQHG RYHU DOO FRPSXWDWLRQDO H[SHULPHQWV 7KH
VSHFLILFDWLRQVRIWKHVROXWLRQDUHVKRZQLQ7DEOH
7DEOH'HFLVLRQYDULDEOHYDOXHVIRUWKHUHFRPPHQGHGVROXWLRQIROORZLQJWKHGLDPHWHULQGLFDWHVWKDWDSLSHLVUHSODFHGZLWKD
ODUJHUVDPHVL]HVPDOOHUSLSH
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8SJUDGH7DQN7 7DQNVL]H ([SDQGGLDPHWHUWRPIRUDQDGGLWLRQDOP
RIVWRUDJH
2SHUDWLRQRI7DQNV7777777 ,QLWLDOZDWHUOHYHO P
3ODFHVWDWLF359DW3LSHV3333
33333333
33333333
33333333
3UHVVXUHVHWWLQJ 

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
&ORVH3LSHV3333333
33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 

'\QDPLFYDOYHVDUHQRWLPSOHPHQWHGLQWKHGHVLJQ7KHFRVWRIVWDWLFYDOYHVLV¼WKHVXPRIHQHUJ\DQG
ZDWHUORVVFRVWVLV¼DQGWKHFRVWRIRWKHULQIUDVWUXFWXUHLPSURYHPHQWVLV¼7KHQHWZRUNGRHVQRW
YLRODWHSUHVVXUHRUWDQNFRQVWUDLQWV
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&RQFOXVLRQV
7KHUHVHDUFKFRQGXFWHGKHUHGHPRQVWUDWHVDVLPXODWLRQRSWLPL]DWLRQIUDPHZRUNWKDWFDQEHXVHGWRGHVLJQZDWHU
QHWZRUNVIRUPLQLPL]LQJZDWHUORVVGXHWREDFNJURXQGOHDNDJHFDSLWDOFRVWVRILPSURYHPHQWDQGFRVWVRIRSHUDWLRQ
GXHWRHQHUJ\QHHGHGIRUSXPSLQJ7KHGHFLVLRQVXSSRUWIUDPHZRUNZDVLPSOHPHQWHGWRVHOHFWGHVLJQVWRXSJUDGH
SLSHVWDQNVDQGSXPSVDQGWRSODFHDGGLWLRQDOSLSHVSXPSVDQG359VWRLPSURYHK\GUDXOLFVDQGSHUIRUPDQFHRI
WKHQHWZRUN5HVXOWVGHPRQVWUDWHWKDWWKHDGGLWLRQRI359VFDQJUHDWO\UHGXFHZDWHUORVVLQWKHV\VWHPDQGLPSURYH
HQHUJ\FRQVXPSWLRQDWUHODWLYHO\ORZFRVWVRIQHZLQIUDVWUXFWXUH 5HVXOWVGHPRQVWUDWHGWKDWUHSODFLQJSLSHVZLWK
PRUHHIILFLHQWSLSHVHJSLSHVZLWKORZHUXQLWZDWHUORVVUDWKHUWKDQSODFLQJSLSHVLQSDUDOOHOJHQHUDWHPRUHZDWHU
ORVVVDYLQJVZLWKRXWVLJQLILFDQWLQFUHDVHVLQFDSLWDOLQYHVWPHQW5HVXOWVDUHVHQVLWLYHWRDVVXPSWLRQVDERXWFRVWGDWD
DQGOHDNDJHUDWHVSHUXQLWOHQJWKRISLSHDVSURYLGHGLQWKHSUREOHPVWDWHPHQW
7KHH[SHULPHQWVFRQGXFWHGLQWKLVUHVHDUFKUHSUHVHQWSUHOLPLQDU\DQDO\VLV7KHSUREOHPIRUPXODWLRQH[SORUHGSLSH
H[SDQVLRQ DQG UHSODFHPHQW IRU D VHOHFWHG VHW RI SLSHV LQ WKH QHWZRUN  $GGLWLRQDO SLSHV PD\ EH FRQVLGHUHG IRU
UHSODFHPHQWRUH[SDQVLRQWRLPSURYHV\VWHPSHUIRUPDQFH)LQGLQJVLQGLFDWHWKDWIXUWKHUDQDO\VLVVKRXOGEHFRQGXFWHG
WRH[SORUH WKH IXOO UDQJHRI WUDGHRIIVDPRQJZDWHU ORVV FDSLWDO LPSURYHPHQWV DQGYDOYHSODFHPHQWE\DGMXVWLQJ
ZHLJKWVWKDWDUHDSSOLHGWRSHUIRUPDQFHPHDVXUHVLQWKHREMHFWLYHIXQFWLRQRUDIRUPDOPXOWLREMHFWLYHRSWLPL]DWLRQ
SURFHGXUH
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